Very compelling deviations in the recently observed lepton nonuniversality observables 
I. INTRODUCTION
In the last few years, several intriguing hints of new physics (NP) have been observed in the form of lepton flavour universality violating (LFUV) observables in semileptonic B decays. In particular, the observables R D ( * ) = Br(B → D ( * ) τν τ )/Br(B → D ( * ) lν l ), with l = e, µ in the charged-current transition b → c ν , measured by BaBar [1, 2] Belle [3] [4] [5] [6] and LHCb [7] [8] [9] Collaborations, with the following avarage values as determined by Heavy
Flavour Averaging Group (HFLAV) [10] R D = 0.340 ± 0.027 ± 0.013 , R D * = 0.295 ± 0.011 ± 0.008 , 
The recently measured R J/ψ = Br(B c → J/ψτν τ )/Br(B c → J/ψlν l ) = 0.71 ± 0.17 ± 0.184 parameter by LHCb Collaboration [11] is in the same line and has nearly 2σ deviation from its SM value R J/ψ = 0.289 ± 0.01 [12, 13] . Similarly, in the semileptonic B → K reported by the Belle Collaboration [19, 20] are quite a bit larger than the errors in the previous LHCb masurement. Additionly, a small discrepancy has also been reported in the b → u ν mediated process defined as R l )) [21] . As all these observables are ratios of branching fractions, the theoretical uncertainties due to the CKM matrix elements and hadronic form factors cancel out to a large extent, resulting the prediction with high accuracy. Therefore, the lepton flavor universality violating tests are considered to be the most powerful tools to probe new physics beyond the standard model. Tremendous effort has been made in the last few years to understand the nature of NP, which might be responsible for such deviations. considerably with the advent of the high luminosity Belle II experiment. For instance, as discussed in Ref. [22] , using the production cross section of Υ(5S) in e − e + collision as σ(e + e − → Υ(5S)) = 0.301nb and Br(Υ(5S) → B * B * ) = (38.1 ± 3.4)% [21] , about 4 × 10
) are expected to be produced per year. This in turn implies that the rare B * decay modes with branching fraction > O(10 −9 ) are likely to be observed at Belle II. Hence, Belle II experiment would be quite instrumental in search for the rare decay modes of the excited B mesons. In addition the LHC experiment will also play a pivotal role in the search for B * decay channels, as the production cross section of Υ(5S)
is much larger in pp collision compared to e + e − collision. On the other hand, the study of B * meson decays has also received considerable attention in recent times. In the literature [23] [24] [25] [26] , the leptonic decay modes of B * s,d mesons are investigated in SM and in the context of various new physics models. The analysis of semileptonic weak decays B * → P ν both in the SM and in the presence of NP are discussed in the Refs. [22, 27, 28] .
The layout of the paper is as follows. In section II, we illustrate the theoretical framework required to analyse the decay processes B * → P ν in the effective theory formalism. The expressions for the differential decay rate and other observables like forward-backward asymmetry, lepton nonuniversality (R * P ) and the lepton-spin asymmetry are presented in this section. The constraints on the new couplings using χ 2 fit from R D ( * ) , R J/ψ , R l π , Br(B u,c → τ ν), Br(B → πτν) observables are obtained in section III. Our results are discussed in section IV followed by the summary of our work in section V.
II. THEORETICAL FRAMEWORK
The most general effective Lagrangian for B * → P ν processes mediated by b → q −ν (q = u, c), in the effective field theory approach can be expressed as [29] ,
where P is any pseudoscalr meson, G F is the Fermi constant, V qb is the CKM matrix element,
, T L are the new vector, scalar, and tensor type new physics couplings, which are zero in the standard model. All these new physics couplings are considered to be complex.
Furthermore, we consider the neutrinos as left handed. We assume the NP effect is mainly through the third generation leptons and do not consider the effect of tensor operators in our analysis for simplicity. Here (q, ) L,R = P L,R (q, ), where P L,R = (1 ∓ γ 5 )/2 are the chiral projection operators.
We consider the kinematics of the decay process B * → P ν using helicity amplitudes. In this formalism, the decay process B * → P ν is considered to proceed throughB
where the off-shell W * − decays to −ν . One can write the amplitude from Eq. (5) as
where C k (µ) represents the Wilson coefficient with values
Γ k denotes the product of gamma matrices, which gives rise to different Lorentz structure of hadronic and leptonic currents of Eq. (5) i.e., Γ k = γ µ (1 ± γ 5 ), and (1 ± γ 5 ). Hence, the square of the matrix element can be expressed as the product of leptonic (L µν ) and hadronic (H µν ) tensors (related to the corresponding helicity amplitudes)
where the superscripts i, j represent the combination of four operators (V ∓ A), (S ∓ P ) in the effective Lagrangian (5), C ij (µ) denotes the product of Wilson coefficients C i and C j . We omit these superscripts in the following discussion for convenience. It should be noted that, the polarization vector of the off-shell particle W * (¯ µ (m)), satisfies the following orthonormality and completeness relations:
where g mm = diag(+, −, −, −) and m, m = ±, 0, t represent the transverse, longitudinal and time-like polarization components. Now inserting the completeness relation from Eq.
(8) into (7), the product of L µν and H µν can be expressed as
where
are the Lorentz invariant parameters, and hence their values are independent of any specific reference frame. So for calculational convenience, we will evaluate H(m, n) in the B * rest frame and L(m, n) in −ν center of mass frame as discussed in [22, 27] .
A. Hadronic helicity amplitudes
In the rest frame of B * meson, we consider the pseudoscalar meson P to be moving along the positive z-direction. The polarization vector of the virtual W * boson are chosen to bē
where 
In order to calculate the hadronic helicity amplitudes, we use the following matrix elements of B * → P transition
where V (q 2 ), A 0,1,2 (q 2 ) are the various form factors. The matrix elements for the scalar and pseudoscalar currents can be obtained by using the equation of motion
as
where the m b,q represent the current quark masses evaluated at the b−quark mass scale.
The helicity amplitudes are defined as
where for convenience, we use the notations λ B * = 0, ± and λ W * = 0, ±, t to represent the helicity states of the B * and W * boson. Thus, with Eqs. (12), (14) and (15), one obtains the following non-vanishing helicity amplitudes
B. Leptonic helicty amplitudes
The leptonic helicity amplitudes are defined as
In the center of mass frame of −ν , the four momenta of andν pair are expressed as
and θ is the angle between the three momenta of of P and . The polarization vector of the virtual W * boson in this frame is
Thus, with Eqs. (17) and (19), one obtains the following non-vanishing contributions
C. Decay distribution and other observables
The double differential decay rate of B * → P ν decay process can be expressed as
Now, with Eqs. (16) and (20), one can obtain
where J and J take the values 0 and 1 and the various helicity components run over their allowed values. Thus, one can obtain the the differential decay rate to particular leptonic helicity state (λ = ± ) as
2 00
From Eqs. (24) and (25), one can obtain the differential decay rate as
where the values of the helicity amplitudes are given in Eq. (16) .
Apart from the differential decay rate, the other NP sensitive observables, considered here are
• Lepton nonuniversality observable:
where l denotes the light leptons l = e, µ.
• Forward-backward asymmetry:
which can be expressed in terms of the helicity amplitudes as
where the parameters X and Y are given as
• Lepton-spin asymmetry: 
The q 2 dependence of the form factors can be written as,
where m Bq (0 ± ) and m Bq (1 ± ) are the pole masses whose values are presented in Table I . In our analysis, we consider 10% uncertainty in the values of hadronic form factors at q 2 = 0. 
III. CONSTRAINTS ON NEW COUPLINGS
In this analysis the new couplings are considered to be complex. Considering the contribution of only one coefficient at a time with all others set to zero, we perform the chi-square fitting for the individual complex couplings. The χ 2 is defined as
where O values of all the observables used for fitting are taken from [21] and are listed in Table II .
The upper limit on the branching ratio of B + c → τ + ν τ decay mode with the present world average of the B c lifetime is [32] Br(B
We use the theoretical expressions of these observables and their SM predictions from [33] and have listed them in Table II . In Fig. 1 
IV. EFFECT OF NEW COEFFICIENTS ON
After collecting all the theoretical expressions of required observables and getting knowledge on the allowed ranges of new parameters, we now proceed towards numerical analysis.
The particles masses and the values of the CKM elements and the Fermi constant G F are taken from PDG [21] . The values of the current quark masses used in this analysis are as Γ tot (B * d )), so the branching fractions of B * + → P ν processes are roughly one-third of B * d → P ν . Hence, those results are not presented in this work. Furthermore, we assume that the new physics will couple only to third generation leptons, so the B * d,s → P µν µ processes will not be affected by the presence of new physics operators, and their standard model branching fractions are listed in Table IV , which are expected to be within the reach of LHC experiment. Br(B * 0 → π + µ −ν µ ) (1.487 ± 0.401) × 10 −9
Br(B * s → K + µ −ν µ ) (1.618 ± 0.437) × 10 −9 
A. Effect of V L only
Here we consider the case, where the additional contribution to the SM Lagrangian arising only from V L coefficient and all other new coefficients are set to zero i.e., (S L = S R = V R = 0).
Using the best-fit values and 1σ allowed parameter space of V L , obtained from the χ 2 fit of
for b → uτ ν transitions), we then calculate the differential decay rate, LNU observable, To quantify these deviations, we define the pull metric at the observable level as 
The q 2 variation of differential decay rates and LNU observables ofB Table VII . best-fit values (1σ range) of S R coupling and other input parameters. In this case also, the deviation in the lepton spin asymmetry and forward-backward asymmetry observables are comparatively large, whereas the deviations in the branching ratios and LNU observables are nominal. The numerical values are presented in Table VI . From Fig. 6 , one can notice that the zero crossing point of the forward-backward asymmetry deviates significantly towards left (low q 2 region) and the corresponding q 2 values of the crossings are shown in Table VII .
V. SUMMARY AND CONCLUSION
The rare decay modes of B mesons have been extensively studied both theoretically and experimentally in order to critically test the standard model prediction and to look for new physics beyond it. In this regard, the rare decay channels of the corresponding vector mesons i.e., the B * decay modes are essential as they can provide complementary ways to go Thus, the LHCb would be an ideal platform to explore the rare decay modes of B * mesons.
In view of the recently observed anomalies R D ( * ) , R J/ψ , R l π involving the charged current b → (c, u)lν transitions, we have performed a model independent analysis of the semileptonic decay process of B * vector meson decaying to a pseudoscalar meson P , where P = D, D s , π, K, along with a charged lepton and corresponding antineutrino. We con- 
